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a  b  s  t  r  a  c  t
Introduction:  The  coracoacromial  ligament  is a  complex  anatomical  structure  involved  in the develop-
ment  of  subacromial  impingement;  treatment  is  founded  on sectioning  the ligament,  with  or  without
associated  arthroscopic  acromioplasty  and  debridement.
Hypothesis:  Complete  coracoacromial  ligament  section  can be performed  under  ultrasound,  without
lesion  to surrounding  structures.
Materials  and  methods:  The  coracoacromial  ligament  was  sectioned  on the coracoid  side,  under  ultra-
sound  navigation,  in 10 cadavers  donated  to  science:  i.e. 20  shoulders.  After  ultrasound  location  of  the
shoulder  structures,  sectioning  was  performed  with  a skin  incision  at  the level  of the  deltopectoral  sulcus.
Secondary  surgical  control  checked  conservation  of the  acromial  branch  of the  thoracoacromial  artery,
and the quality  of the procedure.
Results:  Mean  surgery  duration  was  18.5  minutes  (± 5 min).  Seventeen  sections  were complete  (85%).
Artery  location  was  hampered  by the impossibility  of  using  Doppler  on  these  cadavers,  yet  even  so  there
were only  2 vascular  lesions.  There  were  no accidental  rotator  cuff  or cartilaginous  lesions.
Conclusion:  This  relatively  non-invasive  technique  is  quick  and  less  heavy  than  open surgery,  opening
up  new  treatment  perspectives.  It could  be indicated  in  coracoid  and  subacromial  impingement  before
opting  for  surgery,  or as  a complement  to surgery.  It does,  however,  involve  a learning  curve  and  requires
solid  ultrasound  skills.
© 2014  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
There have been numerous anatomic [1–3] and biomechanical
2,4,5] studies of the coracoacromial ligament (CAL). It is the main
omponent of the acromial arch, its ﬁbers uniting the acromion and
he coracoid process. It usually comprises 2 bundles: a thick and
esistant anterolateral bundle and a posteromedial bundle, with a
riangular coracoid base [6] (Fig. 1). The proximal insertion takes up
he anterior edge of the acromion, blending into the anterior fascia
f the deltoid, and the distal end lies on the posteroinferior part of
he coracoid process. The anterolateral bundle is in continuity with
he lateral part of the conjoint tendon, while the posteromedial
undle terminates facing the anterior edge of the acromioclav-
cular joint [7]. Anatomic variants are frequent, found in almost
0% of cases. Y-shaped, quadrangular and straight forms have been
eported, all greatly variable [8]. The relevant vascular structure is
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ttp://dx.doi.org/10.1016/j.otsr.2013.09.018the acromial branch of the thoracoacromial artery, which passes
over the coracoid process toward the acromioclavicular joint.
Although its role remains to be fully determined, the CAL is
signiﬁcantly involved in phenomena of subacromial impingement.
It relays the forces acting on the coracoid process and acromion,
attenuating the downward traction exerted by the conjoint tendon
and pectoralis minor [9]. Repeated stress to the ligament can lead to
the formation of a bone spur on the anterior edge of the acromion;
ablating it and resecting the CAL abolishes pain in most cases
[10–12]. For more than 10 years now, ultrasound has been an indis-
pensable diagnostic and therapeutic tool [13,14], and all the more
so with the introduction of high-frequency probes, the availability
of numerous training modules and a fall in the price of the equip-
ment. Recent reports on carpal tunnel surgery have testiﬁed to the
interest of ultrasound navigation [15,16]. The “echo-surgery” con-
cept could be applied to the shoulder. Ultrasound control allowed
the incision to be reduced to less than 5 mm  at the stump of the
shoulder, replacing the arthroscopic “eye” or the surgeon’s eye by
an acoustic window: ultrasound. The present study assessed the
feasibility of performing CAL section under ultrasound as a less
invasive alternative option.



















sections (15%) (Figs. 3, 4). The acromial branch of the thoracoacro-
mial artery was spared in 90% of cases (n = 18): i.e., only 2 cases of
arterial lesion.ig. 1. Superior view of the acromial arch. AC: acromion; CP: coracoid process; CAL:
oracoacromial ligament; BW:  backward; IW:  inward.
. Material and method
.1. Material
Twenty shoulders from 10 cadavers donated to science were
elected for the absence of visible scar or deformity at the joint.
ltrasound with a 13 MHz  probe was used during CAL section
y a retractable blunt-tipped scalpel with protective cannula. The
adaver was in supine position, with the arm free along the body
o facilitate anatomical land marking.
.2. Method
.2.1. First ultrasound step
The ﬁrst step was performed by an experienced interventional
ltrasonographer with expertise in upper limb exploration. The
echnique was ﬁrst developed on a preliminary series of 20 shoul-
ers. The ﬁrst step consisted in determining ultrasound anatomy
round the CAL and adjacent structures, focusing on locating vas-
ular axes (Fig. 2). Once the technique had been perfected, a study
as performed on the 20 shoulders donated to science, under con-
itions as close as possible to real life.
Fig. 2. Ultrasound location of the CAL satellite artery in a live patient.: Surgery & Research 100 (2014) 167–170
The rotator cuff tendons, the long head of the biceps tendon, the
acromion, the CAL and the coracoid process were located under
ultrasound.
Surgery began with a 5-mm longitudinal incision under ultra-
sound guidance, the scalpel being introduced about 1 cm below and
laterally to the tip of the coracoid process. The exact location of the
incision was  determined by ultrasound-anatomic ﬁndings and the
trajectory was then delicately opened up using dissection scissors.
The dedicated cannula of the retractable blunt-tipped scalpel was
then introduced between the CAL, below, and the acromial branch
of the thoracoacromial artery, above, with the blade retracted.
Once in place, the cannula was  positioned for cutting, with the
retrograde scalpel blade extended. The scalpel was ﬁrst positioned
horizontally, parallel to the ligament, so as to maximize the shadow
cone for optimal location, and then turned vertically to cut. The
entire length of the CAL was  sectioned in a retrograde direction
under strict ultrasound control. As there was  a single operator,
ultrasound monitoring and sectioning could be synchronized. After
the ﬁrst section, the scalpel was  withdrawn and complete liga-
ment sectioning was  controlled by palpating the ligament with the
cannula in the safety position, to look for any possible “straps”; if
sectioning was  incomplete, the operation was repeated.
2.2.2. Second surgical step
Surgical control was  performed immediately after the ﬁrst step,
on a deltopectoral approach through the scalpel entry hole. The CAL,
the acromial branch of the thoracoacromial artery and the antero-
superior cuff (long head of the biceps tendon, subscapularis and
anterior edge of the supraspinatus) were located. Completeness of
CAL sectioning at the base of the coracoid process and the integrity
of neighbouring structures were checked and results were entered
in a spreadsheet.
3. Results
Table 1 shows the results of sectioning in the various cadavers.
Mean ultrasound-guided procedure time was 18.5 min  (range,
10–27 min), growing shorter on a learning curve in the last 10 cases.
Surgical revision found 17 complete (85%) and 3 incomplete CALTable 1
Results of CAL section in 20 shoulders.
Number Complete Section Arterial lesion Procedure duration
(minutes)
1 No No 27
2  Yes No 26
3  Yes No 23
4  Yes Yes 21
5  Yes No 25
6  No No 19
7  Yes No 22
8  Yes No 20
9  Yes No 20
10  Yes No 10
11  Yes No 20
12  Yes No 15
13  No Yes 19
14  Yes No 20
15  Yes No 15
16  Yes No 15
17  Yes No 15
18  Yes No 12
19  Yes No 10
20  Yes No 15












of the biceps tendon) and the coracoid process [22–24]. DiagnosisFig. 3. Location of incision area.
The 3 incomplete sections all concerned Y-shaped ligaments
n which only the anterior bundle, separated from the posterior
undle by a supple membrane, had been sectioned.
Open exploration found no cartilage lesions on the humeral
ead, such as could have been caused by the scalpel. No rotator
uff delamination was observed.
. Discussion
The present cadaver study demonstrated the feasibility of
ltrasound-guided CAL sectioning on the coracoid side, with a
ow rate of complications. Using a retractable scalpel blade and
re-locating the anatomic structures of the scapular region on
ltrasound enabled reliable and effective sectioning. Our experi-
nce in endoscopic carpal tunnel release led to the development of
 retractable blunt-edged scalpel, allowing palpation control of the
Fig. 4. A-B. Complete ligament Surgery & Research 100 (2014) 167–170 169
coracoid process and CAL remnants, reducing the risk of accidental
lesion and improving surgical precision.
Two  of the 3 incomplete sections were performed early in the
study, and procedure time also decreased with experience. The
acromial branch of the thoracoacromial artery was  very difﬁcult
to locate in the absence of Doppler. The number of vascular lesions
(only 2 in the present series) should diminish greatly in surgery on
live patients, where ultrasound allows prior location of the artery
and cephalic vein so that the cannula and the scalpel can be pos-
itioned at a safe distance for sectioning.
The great anatomic variability of the CAL was one reason under-
lying the 3 cases of incomplete sectioning, which occurred in
Y-shaped ligaments, with only the thicker and wider anterior
bundle being sectioned. The posterior bundle is also liable to be
overlooked in arthroscopic subacromial debridement: it is a more
medial anatomic region, in contact with the clavicle, subject to
bleeding [17], which impedes arthroscopic sectioning. The poste-
rior bundle may  be the Y-shaped Caldani or medial coracoclavicular
ligament, but does not seem to be involved in subacromial impinge-
ment [18].
The procedure has certain limitations and raises certain
questions that require answering. Ultrasound cannot replace
arthroscopy, as it does not allow the association of several pro-
cedures: neither acromioplasty nor bursectomy can be performed
endoscopically. CAL regrowth is an argument for resection rather
than simple sectioning, to prevent recurrence of impingement, as
demonstrated by Levy et al. [19]. The present series was small;
results need conﬁrming on studies of larger numbers of specimens.
Successful implementation requires a surgical environment
allowing cross-over in case of complications (hematoma, tendon
lesion, etc.). The technique should be part of the surgeon’s arse-
nal, and involves a learning curve with respect to ultrasound skills.
Ultrasound-guided CAL sectioning may  be of therapeutic interest
in certain target pathologies, notably the various forms of shoulder
impingement.
Coracoid impingement underlies chronic anterior shoulder
pain. Physiopathology remains controversial [20,21]. It involves
impingement between the anterior cuff (subscapularis or long headis difﬁcult, and based on measuring the coraco-humeral distance
and on external maneuvers [25]. Treatment is primarily conserva-
tive, by rehabilitation (gestural reprogramming, avoidance of risky
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aneuvers, muscle reinforcement and scapular stabilization). In
ase of failure, second-line treatment is surgical, using arthroscopic
r open coracoplasty, which provides good results [20,26]. Section-
ng the CAL on the coracoid side may  be an option to avoid surgery.
he initial ultrasound step consists in conﬁrming diagnosis by mea-
uring the coraco-humeral distance and revealing the impingement
y dynamic maneuvers in 90◦ adduction-ﬂexion [27–29]. A com-
lementary xylocaine inﬁltration test may  be performed, and the
AL sectioned if diagnosis is conﬁrmed.
Subacromial impingement (impingement syndrome) is a con-
ept of controversial etiopathogenesis [30,31]. The cuff comes into
onﬂict with the acromial arch, inducing stiffening of the CAL
nd the formation of a bone spur on the anterolateral side of the
cromion [32–34]. Acromioplasty associated to debridement and
AL section restores a gliding space, with good results [35,36]. The
ates of failure (10–20% residual pain) and complications are non-
egligible [35,36]. The present, less invasive, technique is suited to
ubacromial impingement without bone spur. Several studies have
emonstrated the variability of subacromial pressure depending
n the position of the limb [37,38]. Ultrasound conﬁrms diagno-
is, then CAL section releases the acromial arch, thereby reducing
ressure in the subacromial space.
This non-invasive and inexpensive “echo-surgical” technique
ay provide another option in medical management of subacro-
ial impingement, especially in fragile and high-risk patients. It is
erformed under local anesthesia with sedation, thus avoiding the
roblems of general anesthesia and the need for hospital stay. It
hould be performed by an operator able to deal with the potential
omplications: i.e. preferably a surgeon.
. Conclusion
This preliminary study conﬁrms the feasibility of ultrasound-
uided CAL section. Ultrasound (coupled to Doppler in live patients)
onﬁrms diagnosis and patient selection. Clinical applications are in
ell-deﬁned pathologies such as coracoid impingement or antero-
ateral acromial impingement without bone spur. The procedure
s relatively non-invasive and can be performed on a day-hospital
asis by a surgeon trained in ultrasound techniques. Ultrasound-
uided CAL section is a complement rather than an alternative to
urgery.
isclosure of interest
The authors declare that they have no conﬂicts of interest con-
erning this article.
cknowledgement
The authors thank Henri Migaud for his help in editing the
anuscript.
eferences
[1] Gagey N, Ravaud E, Lassau JP. Anatomy of the acromial arch: correlation of
anatomy and magnetic resonance imaging. Surg Radiol Anat 1993;15:63–70.
[2] Fremerey R, Bastian L, Siebert WE.  The coracoacromial ligament: anatomical
and  biomechanical properties with respect to age and rotator cuff disease. Knee
Surg Sports Traumatol Arthrosc 2000;8:309–13.[3] Holt EM,  Allibone RO. Anatomic variants of the coracoacromial ligament. J
Shoulder Elbow Surg 1995;4:370–5.
[4] Neer CS. Impingement lesions. Clin Orthop Relat Res 1983;173:70–7.
[5] Apoil A, Monet JL, Collin M,  et al. Periarthritis of the shoulder. The acromio-
coracoid arch. Rev Chir Orthop 1988;74:269–72.
[
[: Surgery & Research 100 (2014) 167–170
[6] Edelson JG, Luchs J. Aspects of coracoacromial anatomy of interest to the arthro-
scopic surgeon. Arthroscopy 1995;11:715–9.
[7] Hunt JL, Moore RJ, Krishnan J. The fate of the coracoacromial ligament in
arthroscopic acromioplasty: an anatomical study. J Shoulder Elbow Surg
2000;9:491–2.
[8] Kesmezacar H, Akgun I, Ogut T, Gokay S, Uzun I. The coracoacromial ligament:
The  morphology and relation to rotator cuff pathology. J Shoulder Elbow Surg
2008;17:182–8.
[9] Gohlke F, Barthel T, Gandorfer A. The inﬂuence of variations of the coracoacro-
mial arch on the development of rotator cuff tears. Arch Orthop Trauma Surg
1993;113:28–32.
10] Sarkar K, Taine W,  Uhthoff HK. The ultrastructure of the coracoacromial liga-
ment in patients with chronic impingement syndrome. Clin Orthop Relat Res
1990;254:49–54.
11] Soslowsky LJ, An CH, Johnston SP, Carpenter JE. Geometric and mechanical
properties of the coracoacromial ligament and their relationship to rotator cuff
disease. Clin Orthop Relat Res 1994;304:10–7.
12] Flatow EL, Soslowsky LJ, Ticker JB, et al. Excursion of the rotator cuff under the
acromion patterns of subacromial contact. Am J Sports Med  1994;22:779–88.
13] Brasseur JL, Montagnon D, Hacquard B, Tardieu M.  Osteo-articular ultrasono-
graphy of the shoulder. J Radiol 2000;81(3 Suppl.):343–5.
14] Lecoq B, Fournier L, Carteni M,  Morin F, Marcelli C. Échographie en rhumatolo-
gie.  EMC  Appareil locomoteur 2005:1–21 [Article 14-001-S-10].
15] Nakamichi K, Tachibana S. Ultrasonographically assisted carpal tunnel release.
J  Hand Surg Am 1997;22:853–62.
16] Nakamichi K, Tachibana S, Yamamoto S, Ida M.  Percutaneous carpal tunnel
release compared with mini-open release using ultrasonographic guidance for
both techniques. J Hand Surg Am 2010;35:437–45.
17] Edelson JG, Luchs J. Aspects of coracoacromial ligament anatomy of interest to
the arthroscopic surgeon. Arthroscopy 1995;11:715–9.
18] Souteyrand-Boulenger J. Les formations ﬁbreuses et les ligaments du triangle
clavi-coraco-pectoral. Mammalia 2009;30:645–66.
19] Levy O, Copeland SA. Regeneration of the coracoacromial ligament after
acromioplasty and arthroscopic subacromial decompression. J Shoulder Elbow
Surg 2001;10:317–20.
20] Gerber C, Terrier F, Ganz R. The role of the coracoid process in the chronic
impingement syndrome. J Bone Joint Surg Br 1985;67:703–8.
21] Dumontier C, Sautet A, Gagey O, Apoil A. Rotator interval lesions and their rela-
tion to coracoid impingement syndrome. J Shoulder Elbow Surg 1999;8:130–5.
22] Dines DM,  Warren RF, Inglis AE, Pavlov H. The coracoid impingement syndrome.
J  Bone Joint Surg Br 1990;72:314–6.
23] Martetschläger F, Rios D, Boykin RE, Giphart JE, DeWaha A, Millett PJ. Cora-
coid impingement: current concepts. Knee Surg Sports Traumatol Arthrosc
2012;20:2148–55.
24] Osti L, Soldati F, DelBuono A, Massari L. Subcoracoid impingement and sub-
scapularis tendon: is there any truth? Muscle Ligament Tendon J 2013;3:101–5.
25] Hekimog˘lu B, Aydın H, Kızılgöz V, Tatar IG, Ersan O. Quantitative measurement
of humero-acromial, humero-coracoid, and coraco-clavicular intervals for the
diagnosis of subacromial and subcoracoid impingement of shoulder joint. Clin
Imaging 2013;37:201–10.
26] Suenaga N, Minami A, Kaneda K. Postoperative subcoracoid impingement syn-
drome in patients with rotator cuff tear. J Shoulder Elbow Surg 2000;9:275–7.
27] Wu CH, Chang KV, Su PH, Kuo WH,  Chen WS,  Wang TG. Dynamic ultrasono-
graphy to evaluate coraco acromial ligament displacement during motion in
shoulders with supra spinatus tendon tears. J Orthop Res 2012;30:1430–4.
28] Wang YC, Wang HK, Chen WS,  Wang TG. Dynamic visualization of the cora-
coacromial ligament by ultrasound. Ultrasound Med  Biol 2009;35:1242–8.
29] Bureau NJ, Beauchamp M,  Cardinal E, Brassard P. Dynamic sonography evalua-
tion of shoulder impingement syndrome. Am J Roentgenol 2006;187:216–20.
30] Neer CS. Anterior acromioplasty for the chronic impingement syndrome in the
shoulder: a preliminary rapport. J Bone Joint Surg Am 1972;54:41–50.
31] Uhthoff HK, Hammond I, Sarkar K, Hooper GJ, Papoff WJ.  The role of
the  coracoacromial ligament in the impingement syndrome. Int Orthop
1988;12:97–104.
32] Toivonen DA, Tuite MJ,  Orwin JF. Acromial structure and tears of the rotator
cuff. J Shoulder Elbow Surg 1995;4:376–83.
33] Chambler AF, Pitsillides AA, Emery RJ. Acromials purformation in patients with
rotator cuff tears. J Shoulder Elbow Surg 2003;12:314–21.
34] Oh JH, Kim JY, Lee HK, Choi JA. Classiﬁcation and clinical signiﬁcance of Acromial
spurin rotator cuff tear. Clin Orthop Relat Res 2010;468:542–50.
35] Odenbring S, Wagner P, Atroshi I. Long term outcomes of arthroscopic acromio-
plasty for chronic shoulder impingement syndrome: a prospective cohort study
with a minimum of 12 years’ follow up. Arthroscopy 2008;24:1092–8.
36] Spangehl MJ,  Hawkins RH, McCormack RG, Loomer RL. Arthroscopic versus
open acromioplasty: a prospective, randomized, blinded study. J Shoulder
Elbow Surg 2002;11:101–7.37] Hughes PC, Green RA, Taylor NF. Measurement of subacromial impingement of
the  rotator cuff. J Sci Med  Sport 2012;15:2–7.
38] Nordt 3rd WE,  Garretson 3rd RB, Plotkin E. The measurement of subacro-
mial contact pressure in patients with impingement syndrome. Arthroscopy
1999;15:121–5.
